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(54) OXYGEN SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensively manufacturable oxygen 
sensor having an oxygen ion-conductive solid electrolyte layer having high 
conductivity even in a low-temperature region, excellent durability, and a simple 
structure. 

SOLUTION: This oxygen sensor has a constitution wherein electrodes are installed on 
both faces of the oxygen ton-conductive solid electrolyte layer comprising an oxide 
shown by the chemical formula (1), and a reference gas is brought into contact with 
one electrode, and a gas to be detected is brought into contact with the other 
electrode, to thereby generate an electromotive force corresponding to the oxygen 
partial pressure ratio between the two electrodes. In the sensor, the electrode is 
characterized by being constituted from an intermediate layer comprising a ceramic 
component mainly composed of a cerium oxide and a noble metal, and a noble metal 
layer formed by being laminated on the intermediate layer. Ce1-xRx02~x/2 (1) (In the 
formula, R is at least one kind of element selected from a group comprising Gd Yb Y 
Sm, Nd and La, and 0.01<x<0.3). 
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5ti, *l£?L£&oT^.g>„ Sll 5 ©6lT®?£#c{i$&cpK 

jesavf, 09*i£ jeta*. ^Mfm, 30 

#C^«©^©*©£W£3£#T*£5. SI 
1 5 ©1M XI *$g$|-fe 1 0 ©iM XlCf^itTiiia: 

t£ffimKv&z>me<. Mti i©?f.^^e>©gg$^2o 

0 — 6 0 0#m, W2 0 0~8 0 0/jmlimr 
.h^iUVV, ±IB®fflti. ^t>t-10ffl®g?: 
#j$Loo, ^m©ftgP©#B^£^?l#iIST^ 
£*fgp©#B^ 111 U#yglc&o 3 £ # «Tfg&i&B£:> 

[0 0 5 8] @#«8¥jRJi 1 2li, %mi 1 (D^$m# 40 
£R£v*fc;$m 1 £#&LT£y, -^©P'gWSfCrtMW 
113 £ PimWffi l 3 ©*^MM l 3 b i y MWtZfttc 
**3H»i 3 0©-gpi:^^3tu ^©*MS«c 
ftflm 1 4 £*M)rai 1 4 ©Jt&MJf 1 4 b J; UMS8 
3*x£3fr?gpi 4 0©^pfc#^$4vt^-5„ 3©J: 
e>fc«tiI©H<**l5?fSJil 2#, l 0©& 

ffijg-f £ LT$$g-r£JiEmi, ±IB^fe©S^T«L 
fcay^M©^|g-fe>-y— il^T'fee©^ 33LT? 
li. *©8W! 

[0 0 5 9] IxSL^l 1 ©*{g(Sft«- GB&l 1 © 50 
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@ft«B?ft®i 2}m&Bft) ©*»i. itefrfe>-9— © 

■9--fX{C^-ttTjg!a^$tl5^ 0. 5—1 Omm 
T'feSIt^U^. rt»K:BffiLfca»?»l 3 0£ 

ufca&T-gp 1 3 o tmm$$<»m-}i<?>im*:&mzfi 

[0060] iftiiiii2©f2ii mmtyy— 
1 0(Dv^xiz&£)-&TimmM2n2>t)\ 10—30 

[0 0 6 1] i©«fc^fcH#WB»il 2tt. ±izELfe 
(1) T**3tiS^fb#^6>*SS^-f^->^ 
mffi9mW§T*ffi&t<tiX^2>o tot 

^©la^^©© l v mm &m-t&. 
[0062] BsftiiLfcutf. mimmnmi 2 

tmmim 1 2 tmt 1 1 1 t*afts««3^e>«:s t>© 

ssr^ygftHft^^i-sifc^gs. it, @^ 

«Kiil 2tWl l ^©»5R^ttM^-g>^ ^ 

tis?w»*>f^;wc«fc»j, mwmmmmi 2^s^i 1 

[0063] ±3mmmtvximicm^.^n-r, mt 
1 1 (Dwmmmt m^mmnm 1 2 <DmmmmnL<D 
*^m(mtimmc*:mi-&i)<DZ$m-t?>z.iitfX' 
±m$ffiM£Lxi$. nAii. smi 

■fe u y&#Fv-y2*?mitmfrbt££ib(Dx*Sbz>w, 

[0064] cfr^ji 1 3 a^*^jl 1 3 b^e>Jfc-5 

ftmwM 1 3 tdu ^ < £ 1 5 kw Lfc.Mtbw&'g: 
mi 2<Dfarnmizmf&ztix&v. mi stmtmMM 

Ml 2ffl«lt«f5»T-t^Si 1 3 b# 
iZ%.tm8k-tZ>&0\Z&vX^&. cfraMl4a 

a^M^MM 14b frt>&z>tt.$mM 1 4 (i, 
M®1 2©^Wf3?Jj££*lTi3y, *^»®1 4 bj^f 
^^^^•f^<i;e»{c^oT^5„ 3©i:e>^p«3Ma 
Ml 3 StW{M®l 1 4 ©^ti4#{CBg5£ 3 ttJ& 1/ 
ilS. 03 (a) S:t>* (b) tC^Ufc<te>3&^K7?& 

[0 0 6 5] TO«1 3 a&t>*l 4 a©J?3tt#{CPIfe 

n&mmi 3 b^t>*i 4 b©j?$%;#{ci5gs$n 

2-1 S/tmT'fe-S^ii^M* 



(8) 
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[0 0 6 6] ^iil3a, 1 4 ait, JtizEbfe «fce>fc 
frib&ftzgfl^-x h g ->WJ^{c<t (JWJt 

sr<ht-^-r^3i:^T'g-g. 0 *&mmi 3 b, 1 4 

b It, J^Lfcft^MfcittfJtfcfeS^-X H £7.* U - 

tt> ±SBffc¥5£ (2) T^3ft«*±S3Wliffl8*bT?&* 
[0 0 6 7] 30J:otCLTTOJ, Mf&Ztlt=.ftfflmm 10 

1 3 fti&Mmi 1 4 tcfcv xt, ftflamn 1 3 comtm 
m 1 3 b Rxmmwm 1 4 ©a&jsji Hbit -e^-? 
4vfWft©a»?8Pi 3 or&i 4 o©-^pi:^$nT 

^ft (H3#Rg) „ BJJ^ 1 3 ±lLfc@ 

imm'MMi 2(mmiz^fii^^ smLfe^gpi 
it, mtztitdm^i4o<Dm$§®T*mfflm(D%&- 
m 1 4 b <Dj5im&mm 1 3 b «t y tatRtc^stix 

^ft#, ittfi. BfWBSIHSl 2&^i itc«g# 20 

WfcflS. 3&?-gPl 3 O&tfl 4 0#, S^l l©cM>lft 

[0 0 6 8] 02 (a) {C^b^^fC IMRM&14 
1 2 &^LTWfflWflil 3 £-gP#*fl»l 
t-ft<fcd{cWJ3*ift3£#M£b^„ MRISSl 3© 

ft&mm i3b*ii5 T*^tg^4$-&, mmm 1 

4 ©ft£MJi 1 4 b £#MlC#X 3ilT% P*3 

W«iS 1 3 ^ftfflfttS 1 4 fc©ISK?«»«»S:?i?(ft-r* 
tz.®>X%>Z> 0 30 
[0 0 6 9] AAmSl 3©tfi|S[JBl 3a(i >P 

mi strnfawmmsi zoammtumm 

1 ft J&IWCTgfifcStiT V **l«J: V 0S b £ J: o IZ, 

n±mmi 3b£mmm.izm^tix\^z£amt. 

z\£.tfT*gz>££i)iz. m^mmnmi 2£\^mwmi 

r~, ft-mmMi4<z>tpmmi4 ait, &&<£%, \%w 
mm 13 <Dtpm% 1 3 a £mwmmm 1 2 £$a,t*# 

l^ftti*K^SttTvvrvvfUiJ:v^,, H^bfcJ: 40 

o\z. &&mmi±h£mm$.\z : i&&ztvz\^2>z.£. 

imt U\, HftSj&ICJf l 2 ©««M£: LT^fg-T 
ftgP#&C^©H®m££S^-r ft Z.£tfiX-%&£ £ 
*iKU 0<fc«?«Jl 1 2 £*MHHI 1 4 £<DWmmZ 

[0 0 7 0] 02 (b) K3bfc<J:e>K, SSB^gP 

1 3 O&tfSiMJl 4 Ote, S#l 1 ©*i&KfctH/&fc 
b£l8 0° WllrtE^i:^ft^S^ftJ:e){CWJ3 
ftft^rt^lfebV^ 3&?gPl 3 O&tfl 4 0©3}ggP 
t> ^gP*8tt©3&?-£$:, ^*iC©8a«8W* 50 
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^£M^T^K^tftfc«>T*&ft„ 3©«fc? 
t&Bfr&i 3 o&tn 4 oti. ii*bfclB. ^ft^Si 
fc©*v*£5^tc«KS;ri,ft. 

[0 0 7 1] WfflJ«Sl 3AtWW«Hl 4tt^ 

yi/^Jfig^&oT^ft.rhtfM* bV\ JdSELfcHtg 
3&K:*ft*31iS£fc#Tgaj&*e,T?*ft 0 

[0 0 7 2] ife, HzSttL«:v^ ^f!imffil4©A 

^ms 1 4 b (ctt#?LM-fe5 ^ temmtfBf&zftT 

t> «fc W \ 3© 1 4 b tlft 

, 1 4 b Sr^at^^g^p,^ 

#(cpg^$n-r, xtf^;b (Mgo-Al 

203) . T;b5^-s.^v^*e/T^©i^feMSefb^ 

*^«Mi 4 b Srffl^fcfiWWft^i:^S!ft^e>^* 

[0 0 7 3]gfI17lt Iftl»til2tf^ 
tlT v N^ev %Stt 1 1 ©*«iai5»JC?g«a tit 33 y , gcSF 

mi 7 <m-mmmiziz, mmmmmi2<D\tmmfrt> 
mmznr~ffi^®ii 3 o©^gp^^g|5i 4 o(Dmi£ 
*9»as*iTv\ft. 3©j:e>«;g»jii 7t±. a^gpi 

3 0©3§ggp£S&?-giSi 4 0©jggPi:S:SMl ltcbo^ 

y £mm-tz> £ £ fete ag^gp 1 3 0 ©asggp^s^gp 1 

^wa'j, mil ^A^oymmm^m^x^ 
wm&<D^£o>mi*m%\znoz.£itT*zz>„ 

[0074] gfI17ll '>fc<£W?-gPl 

3 0©3ggPi:5^fPl 4 0©3ggpi:$:-e©JilC^i-ft 
;t*«7ft«*SSf**itfJ:v^ _hSfflg^gp#i:© 
^t?:#^.fti:> ^M©iiH^Wc^$tiT^ft3i: 
tfe. ^©ff$«, @^«^KSi2©« 

^©j: e> ^g^^ 1 7 ■kmmtmm.£ \,x\tm tc 

©fe© ft Z\£i$X%Z>„ 

[0 0 7 5] 01 (c) K^bfc«fc-MC Hflc« 

PS® 1 2 1 7 t©W© fcfc-fiWc 

tt B*S«)gP 1 8 tlT ^ft 3 i:*^* b V \, 

[0076] ssMitogp 1 8 it, 'pt£ < £^m^mmm 
m 1 2 £tmm 1 1 ^©^©a&^gp 140 tmmLfr 

1 8 &«^i-ftMHi: \^x\t±m^t=mwmmm 1 2 

^^©^©T'feftdii^M* bv\ 
[0 0 7 7] $Lfz, mi (b) (C^bfcay, B15£ 

mmmw§i2<oftm5£imf&-?2>gm (mmjo 

'i:J:y. ^/STLilbT^ft. 
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[0078] mm 1 6 sitejw-siwtfc vximizm 

*fc> 3te8tt*l 61*. ifl 5©SBaJj^P,, ft 
NUl 3 3Wg^S4xfcaJ^*-e©iaiK:*9CSnTv^ 

[0 0 7 9] JSLfcgftWbfcay, *«»fiCD»fe>-y— 

f*. ±jBfb^c (i) x-mztizmt 

mmmms<. wm<mmmtmtitt<Dt&v, a> 
©rkc«< wmmemom^'h-z < &&i=.8k mmm 

i&g£tffc^fc«>, ^<Z>«Kt^f«#T% 

£#T*£.5„ J:K«S©ft^M©#?Lfitt£3t 

ti&ELffimR&z&<Bm-?z>z.ttfT*% > ±ssmmz 

[0 0 8 0] *«WfC«Si»tfe>-9— 1 Of*, 

*«?^iw«tR^RTf*6«>-e. %mmzm<, mm 

1 OfC^^Dfcofe^-T'feoTfc, 
BflaWHBWl 2jW8*f 1 1 ^»SilT'fe5fc 

[oo8i] mz. jgrnizekzwrnKi/v- 1 ocom 
rnm&>-'W\z~D^Tmm~tz>. ma (a) &, 
®B^-fe>-y— i o<o®tf 1 1 &j¥mjE»^K:Tfwts 

»J, (b) ti. (a) K^LfcP&«:J8vvrfEHl,fe£ 

m^}izBLrc.mx-&<>). ^-t^kdmiz^wx^ 

(a) Umm. (b) ttIEffi®T'$>-5 0 
[0 0 8 2] *Jtt>tcu ^(Dtt-may-mizm 1 5 Sr^f -5 
®t*l l£§St1-S„ B4 (a) {Cj*U£J:e>& 

9 $ >y 9 *m&£ir&ni!mm*wmmk\z& y 

R:&2 01*, ££g|$2 2iC, WP3?g®IWDaJ2 3*<a2» 
•=>*U Wn»2 3©-»»CgSgaU2 5j8i9§^3ttfc#Bt ! 



(9) #392 0 0 2-3 3 34 24 

[0 0 8 3] fe£gP2 2{*, zg^ffifigii«Z)Jf Umb©* 

PSP2 31*. S^l l©^t^T*«>S3i;X>W*L/ 
<, g^Sg[52 5{±, ^1 5fcJ&£j*a$3 5&^i-Sfe 
ftJcBtt^-fetiTfey, -£©*££«. ±MLfeiii5£ 
W»Tf»Sii:*W*LV\ ^©J:?&P:£2 0£/g^ 
T±fBM-^iiS^ Srffffi^f S 3 £ X\ 04 (b) (C 

io ^Lfc«fce)j&> *<Dfrm<D-&izm&3 5*m-?2>&& 

mm 1 SrfBHi-Sifc^^S. Sfc, *fgP3 51*, 
y # - ^5teSfiK^e®«{cjKfiRa n^SP#T'g!l >)£&Z£ 
[0084] -f©^ £f&B5tis:3 1 £$Eii©##T> 4 

oo~6o o"c®aflrei«ii«:fTV\ samm 1 #© 
#»»&Btefeu is^T, m&zft-oz\£.x\ muzm 
Lfc&ofa ^<m-m<D-$x>\zmi 5sttwi 1 

3©tg©^SSt^ 14 50-1 6 0 

20 ox;mm.x&z>z.£tfm£L<. ffiffimit, z~4m 

[0085] #ac, ?<DmffiizwMi$m.v<bnfc.mttm 
mmrn 1 2 s^bu 3fcct8gLfc^ 1 1 ©mb^h 
1 2 1 0 & 

«U 3©g»Mffi?*y->S/-h4 7(C 

[0086] is^-c x ^ u - y®ii$m\z J: y |%{||»fl 

1 3fflt^iSl 3bilft«i«!^-x hM4 3 b^ 
3®?g|5 13 0 il^^^-x hM4 3 0 SrWtS. 
3©^g, h®4 3 b h«4 3 

o©-^gpi:{^ Lo*»»;2:«8»Stis«fe-5K:^9x^ 

>y^7^;i/^4 9±CBiU fft/<-Xhl4 3O0 

40 - h 4 2 1 i: fetc-BH- 1 1 izm%m?tdB& tmil(D 
-^smmx&^x, mi stcs-ts&g^&y, 

^-X h^4 3 0©WMgti, h 4 2 £ 

fcfcjc^i l fc«*f!fWfciB. ^1 5iiS^e>^v^ 

[0 0 8 7] ^g-bT, N14 3 b 

3©2gft^-x h®4 3 b©±tca®-T-5J:e) 
{C, AWKl 3©rft|aWl 3 ai:^^#^-xhM 
4 3a »j ->ppj$lj^(cj: tJWJfS. 

Mi 4 3 a©EP«ieg{i, ^-Xh4 3 b|l|7^C 
50 WJLT ; fe>j:<, ifV-y*/-h4 Ztt^lzmtl 1 
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[0 0 8 8] ^-xh4 3bM'4 3 0 5:X^'J- 

[0089] 05T*«U ^-XM4 3a, 10 

4 3 b#tf4 3 0 Srj&w&yjKaSLTHSjW. 5^©^ 
Stt. l-ZO/tmlit^tJ, ^x^>y^-7-f;i/A 
4 9 J:y#&y»Ev\, M&MMl 3 b£:&£3»{* 
^-X h4 3 MCWu ^^yxr^'j^f^©! 
Mu&fcH*H\ ag#y<-x h 4 3 a izmuLtt^ >y 

ift^-Xh4 3 b©$gj££Pfi#?-£fc#>. S3 
m-t&n&MMl 3 b0#?LK'ffi$:ffit«L J M-<^-2> o 

[0 0 9 0] ft{C, HetC^LfeJ:^^ ±fBXaT'PP 20 
fflLltmfo*.-* hg4 3 a, 4 3 b^t>*4 3 0©— gp 
fe-g-ttfl^fC, mfos<.-X hJS4 3 b&04 3 OCD-gP 

&se> «fc e> tc, mfomMWs 1 2 1 - > $/- h 
4 2©jf&^-rs. ^©<^. m&mzmwm<Dffi 

*tmfctz>f~th(Dim%V 1 3 o tte&fflfroMik^- 

x nm4 3 o«yu->s/- m 2(cs*)tvf> mm-r 

[0091] y u - yy- h 4 2 &«SW*4WStti. _t 
xBbfc, #d3K*IWb*&£pJHItT?&5. tot. ^37? 
tt. *©*B*^#U^£4m**. ^©JfE 30 
SttO. 2~0. 6mmiST?feS^i:^*b^. 

[0092] z.?.t\ mw@mmmi2&-£v 

h 4 2 SfWt-SIRtCli. Ce&ttljWWd 

&H9BU 3©jg^^^^Ce02^Gd 2 03i:5:lBl 
B^C#fffi£-£S^y5fc?^£ffllr\ Ce0 2 tGd 2 03^ 

fc««&-K:a5^3*ifc»»S:fWtS. Ce^Gd^ 

♦cj:y^y->j/-h4 2fef«i-r*. -©^ 

K. £*>tc, 49H9i:{MMKy!^ 1 ocsvvrtt 

[00933 mz. tfv->*s-h4 2t%mmmif» 

-yy- b 4 7 tAWtsrat-feoT, ^ 

%. ^-rs#ft^-Xh^4 4 OSrWt-SgfcS-JCB 50 
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ms.&>® 1 8 tt£& BmmmA 8 &j»*u yy -> 

£/- M 2, g^FMM^y->S/- h4 7^g^Itf) 
S4 8#H— ¥fiBfcfc$«k3fC-*5 0 3©Si&ll#>Ji4 
8 t LTtt. yy ->>>- h 4 2 Srf^i-rsiStcftfflU 
fc.^-*htmWk(D'<-7.h%:m\1 r ZZ.ttf-£%Z> 0 
LT. y y -yi/- h 4 2&tf@itfStI#)Ji4 8 £W%Cf 

[0094] &tc, 07(c^L^<fce)(c. yy->i/- 

N 4 2 ©±K#MR«Bi 1 4 (D*r^ 1 4 a £&&2g#;^ 
-^N4 4a^?"J ->WJ^CJ; »J 8WU ZL©ag 
tt^-X h 4 4 a aMS^-X N 4 4 a 

©±{C^S-r€..fce)(C*^Sl 4 b £&-g>2gti^-X 

h/f4 4 b&tfS&y-gpi 4 0 tte&mfo^-X bM4 4 

[0 0 9 5] ZG>ti*WB+&mft'<-XhtLT&. 
-txfcbfc^ft^-X bM4 3 a, 4 3 b&tf4 3 0i&f 

^©t^s^i-s^^-e^s,, ^ m&mmi 

4 b^&S^fs:^-;* h4 4 MCtt, df>y^y-5^E 
'J ^T^^Bltok&JBft?*, h 4 4 a fC 

spfls-rs^ ist^-s*^M«i 4 b®#jLHtts 

[0 0 9 6] tfc, m^-XbM4 4 a&t>*4 4 b© 
TOJ^fiti, ^y ->2/- h 4 2 &^LTift/<-^ h 
14 3 aM'4 3 b tttfat&BfrZ&titmT'&tolt 

j: < , mfas<- h jf 4 4 o ©aafflfiBtt. y y - y %/ 
-Y4 2t tbKims 1 1 Km&ttw=g& tmn<D 

tp'CMKM LTmfa^-X hM4 3 0 1 1 8 0° ©(US 
^i:^SfifgT'fe-g> 0 3&?gP4 4 0 S WJ-TS 

^y->>>-h4 2&a*a»»ffl^y->s/-h4 7© 
latcti, e^i*®4 8tm&t<tox^&. m-ox. m 

^SP4 4 0(i, Sft-fszii;^< > mv&ZxmfflZto 

[0 0 9 7] r>C{C, H8(Ca%Lfc«t^tC i^-xF 
I4 4a, 4 4 b^4 4 0^T«!l(C<Si:e){C®7fC 
^Lfe«t®^S:S«U mj£©£4 9 0©±tc«BL^ 

Mx-li. &4 9 0K&&Ztof=.WgJL (HS^rT) 
^Lfc^©®§|^^iJMLT^4 9 0(C±fB«® 
tt&@3£U ^f-y^7-fM4 9SS!lltf -5. 
fe. (b) li, ^f-y^7YM4 9$rf!raibfe^: 

[0 0 9 8] «t\T, S9tc^Lfc<te)tc, J:gB«®#: 
©Jttc, 5fctcf»SLfeBWl 1 2:m^©SS{c«gb, 

T'fg^$-&S 0 r©Z^T\ nstji lKjm.Lt=. 

mi 5tifv-yy-b4 2 (DftWffit tm&t ssp^ v 
3V*«wjc«*a»frb i o tcfcv wffiiw® i 



(11) 



2002-3 334 24 
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[0 0 9 9] fix, J^Wfc&5fflJ#©jBSPK:, X 

[0 10 0] flflflg • ^fcngt LT, 

4 0 0-60 0"C®jairz?BfflB&m\ _hS59UB 

i/-h4 2, ggfJfJS^U-^-M 7, 

M4 3 a ( 43 b, 43 0, 44 a, 44 b, 440 

mm.%z>wm&.yv— 1 o&ssg-t-s. ^ 

1 2 5 0-1 60 Ot:^* L<, ft&HftBI 
tt, 2 ~4 U\, 

[oioi] iBSSfcjS&T, ^HRfSSi 4©#Ntc 
^xtciSSti^SP^ (t^SH4b) fc, #?LRiz5 
SyJMWIII&TKJftl/rfc.kV* (SjHtt*) . _hgB#7L 
St7 5-y^MiH *£r*;b (Mgo-A 

1203) , T)i$i-R.tf-?tf* ^Tm<mm&MmtM 

[0102] Ri:^L^#x^^Te>^ii-e, mm 
mmzm^&*mi\z&&wm&.yv- 1 o &fli&fcsg 

[0 10 3] *SSWlCflkSB«"fe>-!J— 1 0©* 

1 8 *ffi&?&&mtf&\ 

[0104] £fc, ftwm&o>*&mmizwmz*it~m 
mm &mo>mmsmz * THt&fe-r * z 

[0 10 5] tfc ±j*bfc*«9!K:««Sefrfe>-b— 

ft t\-Mmm.tf"t<z>m^t&2>. vv-yts-hR 
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[0 10 6] *»WfflBMtfe>-b— tt* 3£»2/- 

-***i->-h£, wmj*y'mmmmmnmfr*> 
bofifflffin. mmmizMfa-t&nimtiz'mMim 

[0 10 7] ©10 (a) ti, *«W©B6frb>*-© 

sij©-M&^6ij{c^ufc4)^wr-fe»;, (b) 

[0 1 0 8] 01 0 (a) &t>* (b) {C^bfeiiU, * 

(C, 17-^? h 5 6 i»W;a->6s£ 

ttHfWttBK»*»e>«;6-fei/-9— 2/- N 5 2 

^nr-^-fbbTfey, xT-^hi/-h5 6(c 
5 2©±T®{C{£, ^K,**? h 5 5 £g$arr s^ftgias. 

twti«@ 5 4 ©*^HM^ ^>mis:$ tife^gp 540 

£;W»*3ft. ^ffi!l«M5 4«, #?URf^&«iSttfii 
[0 10 9] I©t>t-»/-h5 2©±lO- 

30 %$mmiz& mm&(Dmm3-iimi-tz>t=.ib<Dm 

Mffl^gP5 3 0 atffcf&Ztu mm$fHf>5 3 0a 
t±. t(DTizm~t>btlf~X)V-7ts-Jl5 8S:^LTj^-7- 
SP5 3 0 i:©#3i3b^e>tlTV\S„ 

[0110] i/- h 5 2 $r«^-rs#g«, ± 

tt, *<Dffltm>&ls^Wi&li&t&. *©-9- 

x(c-&t^TatiaHes*is*«, ®s> igt5 5-7 5m 

m, «|3~6mm, m£0. 2 — 0. 6mmgSt*fe 

40 

[0 111] ±3*©<te>lc, izyv-is- h 5 2(i, 

« 5 4 *^B)c$tifcgi5^©*&, ±mm^ *y&ft& 

hi/- h 5 6&tfg#S/- S 5 7 £|l?*£©f#|BFr- 

[0112] «®^®^5 9{i, ftwmM5 4<Dm&m 
50 ji^^xfciff^nT^ti^^i-s^&RSihi- 
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Mr. 0S*.tf, *¥*)l (MgO-Al203) , 7)15. 

[0113] ftmmms 3Rzmmw&5 4 *r^s 
&t>**^«^&s*©-e&So jj^ra«5tt«*& 

>->*— 1 0 tftsuf 1 3 a&tf 1 3 b 

[0 114] 3tie»©«ffiCD^tt#(C|5S^$tl^VN 

t>\ &$. 2/- h 5 2<D-%$Mzm3mk<DWM 
[oii5] 17-^ hs/- h 5 6 zmfc-tzmmt 

- h 5 2 W&aag&wev bv* 0 — g(JD&$; 

X&Z>o 

[0116] mk.zv v 5 5 <mmm\z.m£Ztv?, 

MS 5 3 ^-e©f^SiCM* S*£ $ -Z?*>*l«#tC|5g^ 
3 ti"f> AMU 53W XMMUWtat 

0. 2-0. 8mmigarTf*SifcjW?*bVV 
[0 117] Basttbfcv^ 
2 i:x7- h >>- h 5 6 t©|fflicti. 

2/- h 5 6 £fcm&S^*^&S%©T;&Sfc#>, _h 

*>0>£t&Z£tfXg?><. iZ>-tf— 2/-h5 2t 

xr-^ N2/- h 5 6 iia^N^JMSaSJiaj&stto-r 

Uigbftl^.&ftSJ'WKHJ-'f ?MU'J. -fe>-y— 

5 2 fci?-^ h£>- h 5 6 £<D9ffiKfflmim9i 

S„ 

[0 1 1 8] mtis-bS 71*. XT-^h2/-h5 

6 >- h 5 2 fc±T^e>S5*iitfZl^T*, ffi 
h 5 5 fcffiiBWcf SfeafrlcKW&ftfcfcOT** 

S#, h 5 7 zmSrfZWRZ. bTfcfc, x 
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7— $9 bi/~ b 5 6 i:H^®t>©*W* bv\ 

[0 119] sfefc, S^$/-h5 7©^StbTtt# 
tcpS^$4x-T, t/-h5 2S.tKxT-^Ni/ 

1£T^B3S^1-S 3 S#, Jlttifttci*, o. 2 

~0. 8mmT?*>-5Zl^^*bVV 

[0120] ftic, 3f^8WK:«sBBfrfe>'y— 5 o<m 

mfimz>-mK^xwim-f&. *mmizm&mmty 

10 V- 501*, tyV— 2/~b52, x7-#*?h2/-b 
5 6&0^S/-h5 7«:*BSLfcffc 2/- h 

5 2(Z)^Btc^JfS:y f A^M«ii^^^-x bM 
SrfflWU h&, &»I&:frbT0Uib 

h5 2tC$stf#S££=&lC, JilBg^M^^S-fb-t-s 

[0121] i&mz. -tyy—i/- b 5 2(cia^-r-5y 

U - > $/- h &ftW So 3tf>-fe */- b 5 2 tC*B 
a-TS - > 2/- b 14, *#§^tc#^^-fe 1 

20 ocDfSfeeiss^swibfc, yu->2/-h4 2h*(m 
mz£ vmm-z>z\£tfx&z> a 

[0 12 2] #tlC, 17-^ Nf>- h 5 6^1)=*^^ 

5 ^^«S^W^^8M^J^S:»bT^ 
-XhfeifittSo 

^ # -^u- K^tCfc X7-^ h 2/- h 
30 5 6 &t*SM2/- h57 {C^^-T S ^ U - > 2/- N 
&tZ>Z\t.-frX%Z>t>\ N2/- h 5 6{Cffi^ 

•rsf U->2/-h(i. u^g^cirs^tf&sfc 
U-^-hSr-mRbfcft. 

[0 12 3] Zl©i;^{CLT, 2/-h5 2, x 

7— #9 bis- h 5 6&t«£H-S/- h 5 7lCffi^-tS^* 

y->s/-hs^Kbfc«. me>©yy->2/-h 

5 2, xT-^h2/-h 5 6,8.0^2/- h 5 7 $:Sg 

^rsBW8bfcyu->s/- h4 2.m<mm&mt.mm 
[0124] mz, -ty-v—i/- b 5 2<Dwmiz. vm 

WM5 3. ^M«S5 4. «?§|5 5 3 0&Ut3g?gP5 4 

WitS. 3<DJ:e)/j:, ^{limS5 3, ^ffi!l«®5 
4 , SSo^gP 5 3 0&OWSP 5 4 0 {CtB^f S^^- 

x bmit. xmftizm&mmteyy— 1 o©sgg^T- 

50 MfflLf^ ##^-XM4 3a, 4 3 b. 4 4 a, 4 



(13) 
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4 b, 4 3 O&tf 4 4 0 £, *®7gtt#£&&tffrl£. 

o&vi&ms 4 o izmmirsmfoi-x bmtmmo) 

mfo't-xhZ* iz>i*— i/- b 5 2tc^Lfcx;b- 
/h-;i/5 8 iifcSJtiBUc^BKU h 5 2 

g^§g^SP5 3 0 aCffiSt^^-^ hJf£«Jt 

[0 12 5] -?-LT, -fe>-y— >>'-h5 2»CWibfe, 

«as 5 9 ££3^-x vm<mm*> mxvL *9v 

[0 12 6] Z0)£o\ZLT. -tyV— 2/-h5 2, X 
y-99 b S/- h 5 6&0^->>- h 5 7 £g£gL, 12 
2/- h 5 2(DMjS(Cp«3{i®S5 3&tf?M)|Bfi5 
4 tfeS#«s^-X h^&PPWLfc^ #2/-h§:, ft 

[0 12 7] ±fS«Jlf*:S:5 0 0~l 0 0 0°C 

x\ xmwizmzmmty-y— 5 0 zwk-tz>z.ttfx 

[0 12 8] 17-^ M>- h 5 6#XKg#2/ 

-N5 7JB^y->S/-h£#®!U£#t 3*ie>£«j§ 
Lfc^T*Mf&-f S3£7?, 17-^ NS/- h 5 6 £ 

mty-bsitz-^mzmskvxbj:^ as, x 

y-99 hi/- b 5 6 £, attfi/- h 5 7 fcttHCtm 
t-x.T-#9 b is- b 5 6 fcfitts/- h 5 7 £ Z.Wtt 

[0129] $$m<mmzy-*- awmt, ±&l& . 

[0130] t*. &mwo> 

m*#x&(»mmmm%.irz>t-&><Dmm±yv- 

#;*tfJ<Z)CO, HC, NOx^mSSrjRI^-rS^SxZ) 
[0 13 1] 

w-t&tf. *m}i*zti?>mm<D&izmfezft2>*j<D 
[0132] mmmi wmzyv-omL ai&t* 
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H5~9#M) 

Ltcffimimi l £§S£b£„ 33 T% Mil lffi© 

-£C9$?£#6 0 0Aim, H#8 0 OMmOD^fBm 

tLXS i02&5. 8MS% MgOSO. 5 ffi 
% CaOSl. 2li%^fLtl^ 0 /Uy 

io **-tfHgi: LTte* # 9 y ;i«ixf;na-&#&ffl 

[0 13 3] «tfc ±8B*«SICJ: yfHRUfc^9U»K: 

fe. z:cD£^cDBjffli^tt2 5 o'ct-1 onra-e&y, 

1 5 1 S'CXAWmX&^fr. 
[0 13 4] JfcfC, J^afeCW^flBCfe^TSWBUfe* 

ftftfflvv 0 1 t;^bfe»@«Si i 2 zmn 

V - yis- b 4 7 fBffi-t* l 2 

20 M©yy->2/- m 2 fcB«tr»y, *H3Jii 3 a, 

1 4 a^-S^fl^-;* hjf4 3 a. 4 4ali Pt» 
* (ifezSO. 5~lMm) tp\Z, TIB-fey^A^'KU- 
■7 A^f b^MiH* 3 MM% hXWm b 

tMH3b, 14b, »f 
§B 1 3 0, 14 0i:)&S^-xM4 3b, 4 4 
b, 4 3 0, 4 4 0li, ±ISPtiK)7tC&±{C-g-tfPt^ 

[0135] 9^)-yy-bA2aym^m.mm 

JttiWTFOmVX&^tLo «J«btC, r;i/3dp2/ KSrffl 
30 V *fc#8fcBSlC ± l J » ^ft-fe U -7 A(Z)^* 9 0 m o 1 %(C 
*f UT, ®Kb** K'J -"fA©^* lOmol 
^S^fct >J >7A^ F'J -<7A*Mffc«)*^^L 
fc„ ^©^CO^Jfi/gtt 1 . 2/imT'&U, ifc^Mt 
ti2 4m2/gt^ofe, 
[0 13 6] ?^C, f^Ufe-fey^A^'Kyx^A^ 

itiffldfai o oa*SP(c, ^^;i/-fe;i/n-x i 5 ma 

BP, /O^l/T^n-A' 1 tK 1 9 S»gp$:BB^- 
Lfc&. 7K-;b^;i/ttJtCTIll^[5 8 3 mi n-lT'3^- 

40 z\cDm^m^wm^m^-s> ztiz^v. f©j?^#2o 

0/ini©^y->2/-h4 2?:^bt„ 
[0 13 7] ^-UT, hS4 3 a, 4 3 b, 

4 3 0, 4 4 a, 4 4 b, 4 4 0, RX$. 9'V-yis- 

b4 2, 4 7^e>3&s«g«cs:^i i©m^<a®(c# 

•rs^tc, 9V-yy- b 4 2 iilBIWI^cD^&MM® 
5 0 0-C, H*RnfiBffliS:fTV\ 14 0 
0TC, 4^fgT'^^70Zl£tCJ:y, _hf^S<*^ 
igbfeo §e>tC #?>tlfc^ig<*;®^{R!|«Ml4CD*^ 
50 M@14 b*m5£olZX\f*)b (MgO • A1 2 0 3 ) 
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•f) &?&fcU 1 OfclSgUfc (E|l# 

[0 13 8] HJSM2 01 0# 

j$) 

>?A©S$7fc9 Omo l%JC*fLT, Stfb#KU-^A© 
1 0 m o 1 %©fiJ^T»®^rS tlfc-fe U ? A# K U - 

1. J:biS«tt2 4m2/gffeofe. 10 

[0 13 9] -?-LT, f^Lfc-fe'JOA^FU-^A^t 
SMtttfftft l o omigPfc, *^;i/-fe;bn-x l 5 MM 
gp, ^> i?;uT;un 1 mmm. tK i 9 jfcftgp &gBi§r 

Ufelfe, Xt- F5W-fCTM5 8 3 m i n"!^ 

[0 14 0] &{C, 3©M^£ffffifi&£&tCT, 01 
0 IZvk hfciZ yy— */- h 5 2 £ Hg|i?7^© U - > *s 
-hWmist-. 3©B#, ^fit*3. 5MPa (3 6 
k g/cm2) , $J&7gM7 0 0 mm/mi nt*o 
fc„ f^Hbfc-fe>-9— S/-N5 2M^*';->2/-h©± 20 

17 4mm, H5. 5mm, J?£0. 3 2mm 
T'&ofc. ££, 3<Z)-fe>1J— S/- h 5 2fflyj->i/ 
-h©— ^gPifi^(cx;i/-^-;b5 8£&6Mii?i (It 
SO. 5mm) SA^f^^CTML/fc. 

[0 14 1]&{C, |&7 4mm, ^5. 5mm, m& 
0. 3 5mmCD7;i/5t^^i:t5ir-^ hS/ 

- h 5 emw-yy- bzwmfmmizT4mi>r~. 

b 5 2 ffl y v - y is- h z?(D±mzmm v « nm 
mm 5 3 tf*<D{*imiz.M & & <t e> fc^©£^ h 5 30 

5 £:&SgP#£;*7 y # - Srffl WT^L*:. 
[0 14 2] i^fC, i$74mm, #5. 5mm, JfZ 
0. 3 5mmffl7;i/^t$:±^ttSi||>>- h 5 7 

[0143] -?-lt, z.n<o<D-tzy-y— y-b5 2mv 

U->S/-h$:5 0 0r, l©^T«^Tofe^, 1 

4 0CC, 4BmTimZfit>Z.£T\ ^y^-y-b 

5 2ffl^U->$/-hS:^LT, iZ>-9— £/- h 5 2 
£§!5gL£„ XT-^h2/-h5 6M^U-> 
i'-hS:0 J a^^-b5 7fflyiJ->>>-hti, ztl<b 40 
5:®/! L£t#3ST\ -fe yV- is-b5 2m?V-yts- 

is- b 5 6 fcg^S/- h 5 7 ££-f«lfyCi£gU£, 
[0 14 4] &tC, iZ>D— t/-h5 2©M®{C, 
9i l £ Hl£© P t W3itpiz±m-t U #Zrff K U — A9fc 

VX? (SUS3 04SS, 3 9^>r>a/cm2 (2 5 

3 RiM-mmm 5 4 (Dtpmm t Lxmm-t &m 1 2 m 

m, ^3mm©$g^©^fti;/<-;*.hJi£^U •£© 50 
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[0 14 5JBSWT, mmi£W&<D?ts<-Xb* 

caw-r* j: e> tc i^fflftts 5 3 Rzmmnm 54©* 

3 ojWSSEPSss 4 0 bMZ. *<z>- 

5 8 ^fc-SRiKLlc, jjbp t ^-x h £7e«L. 

;b-j}N-;b5 8 £&Z>Kg3lZftLXi$Fm5 3 0(c* 

[oi4 6] -?-lt, ^-©mbic^^-x bm^mL 

htcMy^— i/- b 5 2S:, Si0 2 &»i:t5* 

5 6_t(c«su 5 5 ox^ztmLx. tnmfo^-z. 
bmz-tyy-- *s-bS2izffittrt&££&iz. ±ssm 
mm zmmitt z z. t x°tmt yv~ 5 0 

(01 0#ffi) o £«d(C #e>tvfe^ft:©^M«ffi5 
4&se><ke>{cxt'^;b (MgO • A1 2 0 3 ) 

-rmthxmz 5 n mcom&umm 5 9 s^l^ 
[0147] mm 1 

m> ptK-xb zm^fe&Mx mrnm 1 1 mmiz l 

[0 14 8] it^M2 

[O 1 4 9] HifeMl, 2&t;itgt0!Il, 2T«tLfc 

[0150] ( 1 ) mmoymmtm 
mmi. zRxffomi, 2izm^wm±y^—izm 

[0151] (2) mti©/&gt#ng 

5 0Tc«p^Lfc^, ttwwmzizmz. ftwwmzw 

[0 15 2] (3) WMfe 

5:, 5 0 0TC*t-«SL -^©^, ^®CLfc^SS5 

0 owztmt &ifam*M tfr* 5 0 onatyiM-fc- 
wm.xmmwmt e>ffizm , $tm&. lx v & 

[0 15 3] 
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(kQ) 


(80 






10 


0.05 






50 


0.1 




IB 


30 


3 






100 


10 





[oi54] ±sm i tc^ Lfc^m^e>^^^ <fc e> 

fc. I^Mi&tf^M2tc-0&.g>m®4, ^©ftgpjgjyt 
fgfi42 SOtUCfcWtl 0~5 0kQi:<g<U -g-©/^ 
ffiiO. 0 5~0. 1 s e ctfe'A ft£Lfcjgflfcfr#« 

m&>x&mv£feLtz. -is, imwi. 2t:§5i 
mi*. *(Dmmfiim*3 o~iookfi ^jtRw** 

[0155] t-vvj*)\%m.oM$k&*). m 

[0 15 6] Hjfe^Jl, 2RXf)AMML 2iZ& 

mm&yv-<mmm&tt\^m*)mmz&*)^ 
my* j te>w§%mzmmLfc£z.?>. mmmi. 2\z 
%&m&^y^-<Dftmwm>wm®m$, wm**, 
ttxmu 2izm&mmizy-y--<mw9M<Dim3m. 

[0 15 7] 2&t£fcb$cMi. 2fiO& 

SUSfrfe>*- fiC;}3V*T, ^Lfe=S«^-fe>-9— (DM 

Tfe. mt-tvvj+fDXWmmw-ytizV'y&XF 
V-V2*mMtifo<DXffl®ifrrt*-yt:& zti^tun 

¥-V\Zl5^(Dy7h\*%ibtlfc1b(D<D. "£<DA*-2/ 

iwmLx&v. mt#Fv-v2±<DXffimrrt*-y 

?A*fic&ffc# ku ^tf A#H»UT^*3 
[0158] 

*«W©»fe>*- fi4, _hfB<Z)J:e>fC 
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a. $e>ic 9Mmmmmmti<Dmm%imizmnz> 
io ismims&&z.£ff&<. wMK&izmnt^vtte 

So 

[a®©ffi#^m^] 

imi] (a) fit. *aw®i»s*>-tJ— ©— M&igss 

**WnBBT?&»;, (c) *©*K?fiMc;i3tt*flWr 
®0t*&s„ 

[02] (a) 14, ill3Lfe^t>f-fflA-A 
MWfSfH - e»U, (b) {4. B-BMWnBBT?&S. 
[03] (a) (4, Hl»C^LfcB»ltfe>-b— ©F*JMS 
20 «©-«&5piiiK:fiBBLfcJBBHHT?»y, (b) {4, ft 

mmm(D-mit s mizmfflCfcj%Mmx%>2>. 
[H4] (a) fi4, mmofflmteyvr- zm&-tz>i& 
ttzm£*&mizffi3?&n&<D^*mjmiz73kisf=. 
mmmT'&v. (b> 14, mm(?>--m$:m3Mizmhfc. 
$mmx&& 0 

[05] (a) (4, muzmLfcmik-tyv— ©$StX 
(b) 14, -£©iE®0-£&£„ 

[06] (a) fi4, 0l{C^L7t^1r>-y— ©Sggl 

30 miz&tf&-jM*m&mz7xi.femmmx&<'), 

(b) }4, •?-©iE®0T*fe'5o 

[07] (a) {4, Wi UZvkVtdgm&y-y— (DW&SL 

miz&vz~jMzmzmizjjki,t~mwmx& 

(b) (4, ^<DiE®0T'feS„ 

[08] (a) fi4, miizmLfemmty-v— cosstx 

(b) tt. -€-©iE®0T'&-S„ 

[09] (a) {4, 01fiC^Lfc^-fe>-9--©^tX 
40 (b) it, -?-<Z)iE®0T*feS„ 

[010] ( a ) fi4, ^w&wm-b y-y—nmoy-m 
zm&mzmLfcftffimmmx'&v, w & *om 

[011] wm^v-^mmm^y^-- <?>-wzm& 

WfiC^L^»fS0T'feSo 

i o, so mm±yy— 
1 1 im 

l 2 

50 13.53 
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13a tpffifg 

13b n&mm 

14, 5 4 mmm 

15 m 

1 6 jmt 

17 mmm 

1 8 S^M«?)g|5 

1 3 0, 1 4 0 3g-?-g|i 



(16) #BB2 0 0 2-3 3 34 24 

30 

■fe>-y— s/-n 



5 2 
5 5 
5 6 
5 7 
5 8 
5 9 

530 

5 3 0a 



II] 



D92] 




